INTRODUCTION
Binary star systems are frequently the only source for the fundamental determination of the most basic property of a star, its mass. The masses of a sample of stars, when determined with sufficient accuracy, serve as crucial tests of our theoretical understanding of stellar formation, structure, and evolution. By combining information from the angular orbit projected on the sky (or from a light curve in the case of an eclipsing system) with the spectroscopic orbit, one can determine the distance and masses of the individual stars. In the cases of the most massive stars, accurate masses are even more important, not only because massive stars are relatively rare, but because these stars (initial masses > 20M ⊙ ) play critical roles in galaxies. Massive stars serve as signposts of star formation in galaxies (Massey et al. 1995) . Current theory suggests that high mass stars are born in loosely bound star clusters which disperse after a few Myr. These birth conditions suggest that high mass stars might often have companions, as for example, found around γ 2 Velorum (Pozzo et al. 2000) . Some of these could be very close and gravitationally bound to the O star, which is suggested by the prevalence of binary and triple systems among young O stars ). Mason et al. (1998) performed a speckle interferometry survey of Galactic O-type stars for close companions, specifically looking for differences in the multiplicity frequencies amongst the cluster, field, and runaway O-type star populations, as well as the distribution of orbital periods. They did their survey in the V -band using speckle interferometry, which is sensitive to the detection of a companion if the projected separation is in the range 0. ′′ 035 < ρ < 1. ′′ 5 and the magnitude difference △m V < 3. Our survey is in the I-band (which will slightly emphasize redder companions) and extends the dynamic range of their work. Due to the availability of only one photometric band for this survey, we are unable to determine physical associations for the new companions with any certainty, and we can only address the likelihood that perhaps some of the companions are gravitationally bound. The results presented here invite further investigation into the O stars and their potential to shed light on star formation processes.
OBSERVATIONS
The data were taken using the adaptive optics (AO) system and Visible Imager (VisIm) camera of the Advanced Electro-Optical System (AEOS) 3.6-m telescope at the Maui Space Surveillance System, located on Haleakala. The data were collected during four separate observing runs between 2001 February and 2002 September. In addition to the dedicated observing runs, some observations were taken as part of a queue-scheduled observation program between 2001 May and 2005 November.
AEOS Telescope and Adaptive Optics System
The AEOS telescope is an altitude-azimuth (alt-az) design. While the telescope is very flexible and supports several different optical configurations (Roberts & Neyman 2002) , of interest here is the Cassegrain configuration which feeds a 726-m focal length, f /200 beam (with a field of view of 61. ′′ 9) through a Nasmyth port coudé path to a fold flat below the telescope which directs the beam onto a custom optical table that supports the main components of the AO system. For this project, the short-wavelength light (400 -700 nm) is sent to the wavefront sensor (WFS) and tracker camera beam trains, while the 700 nm to 5 µm light is sent to the VisIm, which is used as the science detector.
The heart of the AO system is a Shack-Hartmann WFS driving a 941-actuator Xinetics deformable mirror (DM) with a stroke of ±4µm. Optics inside the WFS produce a pupil image on a Hartmann lens array. Each generated Hartmann spot is then imaged onto a 4×4 group of pixels on the WFS CCD. These pixel values can be used directly or binned (for higher throughput) to generate the wavefront slopes. The WFS CCD is a Lincoln Labs frame-transfer device with 16 output ports, capable of frame rates of 0.2 to 2.5 kHz. The wavefront slopes are calculated from the Hartmann spot values by means of many digital signal processors working in parallel, feeding these data to a system which reconstructs the wavefront, taking into account alt-az induced image rotation and WFS-to-DM-actuator mapping artifacts. The VisIm camera is described in detail in Roberts & Neyman (2002) . In short, it operates from 700 to 1050 nm; is equipped with an atmospheric dispersion corrector; has a two-mode image derotator (zenith at a fixed position in the image or celestial north at a fixed position in the image); and, for this project, has a 10 ′′ field of view (0. ′′ 020 pixel −1 ). The detector is a 512×512 pixel EEV CCD with a dark current of 22 e − pixel −1 s −1 (at −40 • C) and a read noise of 12 e − rms. The camera output is digitized to 12 bits with 10 e − per digital number.
Object Selection
The object list started out as all the components in the 228 systems listed in Mason et al. (1998) . They were then culled for the effective magnitude limit of the AEOS AO system (about m V = 8), and for the declination limit of acceptable AO correction (objects that at some time during the year get above 30 • elevation at Haleakala, i.e., a declination greater than about −45 • ). This reduced the list to 164 objects. We added seven more targets from the Galactic O Star Catalog 3 (Maíz-Apellániz et al. 2004 ) that are within our adopted magnitude and declination limits. We actually observed, at least once, 116 of the 171 objects in our list. These observations are fairly consistently distributed among the three O-star populations, sampling 63% of the cluster membership stars, 78% of the field stars, and 88% of the runaway stars in our list of potential targets.
Data Collection and Reduction
Since VisIm is only a 12-bit camera, a stellar image can overflow the digitizer in a rather short exposure time. If the frame saturates, then it is omitted from the final image. Frequently, this saturated frame will represent a period of particularly good seeing. In order to keep as many of these "good seeing" frames as possible, we set the exposure time such that the average peak value was about 75% of the full-well depth. We then built up the signal-to-noise ratio by taking many frames, then weighting and summing them. Figure 1 shows the effect of this summing on the detectable magnitude difference for 1, 10, 50, 100, 250, and 1000 frame(s). On the basis of this plot, we aimed to take at least 1000 frames of each object, although time constraints, weather, and object brightness occasionally limited us to a lower frame count.
The VisIm is a frame transfer camera and is therefore unable to take a bias frame. To compensate, a bias frame was created by taking many dark exposures at a variety of exposure times ranging from 10 ms to several minutes. A linear fit was made to the signal from each pixel as a function of exposure time; the y-intercepts became the bias frame while the slopes became the dark frame. Prior to 2005, flat-field frames were created using the twilight sky to evenly illuminate the VisIm detector. Roberts (2001) found that sky flat-field frames varied at about the 1% level, so after 2005, flat-field frames were generated using an internal calibration sphere; this lowered the frame-to-frame variation below the 0.01% level. From this point, all data frames were debiased, dark-subtracted and flat-fielded in the conventional way.
For a given sequence of data frames, a weighted shift-and-add algorithm was used to create the final image. The weighted shift-and-add algorithm ) is a modification of the traditional image-stacking algorithm that takes seeing conditions in each individual frame into account. Frames with higher peak values (which represent better seeing) influence the final image (by means of weighting) more than frames with lower peak values. The fitting algorithm is described in detail in ten Brummelaar et al. (1996 Brummelaar et al. ( , 2000 . In short, the point-spread function (PSF) used to represent the system performance is that of the primary star in the image, with a few modifications; near the primary, the PSF is a pixel-for-pixel table of numbers, while farther out the PSF is a radially-symmetric series of values. This PSF is fitted to the primary and secondary components and iterated until the intensity ratio converges.
Detection Sensitivity
Figure 1 only gives a qualitative sense of the companion detection sensitivity of the system. Cross comparisons of the reduced images, especially of the same object taken on different nights, show different detection limits. This is primarily due to variations in AO performance which is primarily attributed to variations in the atmospheric turbulence profile. In order to quantify the sensitivity of the reduced images, we have created a variation of the "dynamic range map" technique described in Hinkley et al. (2007) which defines the dynamic range of a given position in a 2-D image as the faintest companion detectable at that position to the 5σ level. In our version, we construct a map the same size as each reduced image. The intensity level of each pixel in the map is set to five times the RMS intensity variation across a patch centered on the corresponding pixel in the original image. The patch is a square with lengths equal to the FWHM of the original image. This produces the dynamic range map in intensity terms, which are then converted to magnitudes. -Assuming that a Gaussian-shaped peak, 3σ detection above background constitutes a positive detection of a companion, this plot shows the rough dynamic range of the AEOS AO system as a function of radius for different numbers of summed images. From top to bottom, the curves represent the results of 1000, 250, 100, 50, 10, and 1 summed frame(s). The "shelf", most apparent in the upper curves from about 0.7 to 1 arcsec in radius, is due to AO system artifacts.
survey. It is apparent from the sample figure that the detection threshold for a companion is highly spatially variant. The dynamic range increases with increasing radius from the central star. There are several artifacts in this image which lower the dynamic range. The largest is the vertical line, which is an artifact of the shutter-less frame transfer process. There are also four waffle spots caused by the Fried geometry of the wavefront sensor (Makidon et al. 2005) . There are also hints of the diffraction pattern caused by the secondary mirror support spiders. As the AO system performance decreases, the FWHM of the PSF will increase, which increases the area over which the central PSF causes confusion. In addition, it also widens the companion's PSF, lowering the contrast between the two and decreasing the detection rate. After 2003, the waffle spots were greatly reduced when new reconstructors were put in place to filter out the unsensed waffle modes.
These maps have several purposes. For those objects with multiple observations where companions are seen in some but not all of the data, changes in the dynamic range can help explain the reasons for these discrepancies. They also illustrate the limitations of the data, showing where it is almost impossible to find faint companions. This is often useful when trying to detect known long-period spectroscopic companions. (HD 17505, HD 37468, HD 193793, and HD 217086) are in systems with previously known components in the AEOS field of view. The remainder are new companions in systems not previously known to be multiple (at least in the AEOS field of view). The table has nine columns which summarize the information gleaned from the measurements: Column (1) lists the Washington Double Star (WDS) identifier, columns (2) and (3) identify the object by HD and Hipparcos number, and column (4) gives the discoverer designation (TRN for new pairs). Circumstances of the observation are given in columns 5-8. Column (5) gives the Besselian epoch of the start of the observation, columns (6) and (7) give the position angle (in degrees, where north is 0 • and east is 90 • ) and separation (in seconds of arc) between the primary (the survey star -the brightest star in the image) and the detected component. Notice that for many of the objects, the position angle is missing or ambiguous. The VisIm derotator is usually in one of two modes, one which keeps zenith up in the image, and one which keeps north up in the image. In the observations with more than one or a missing position angle, the state of the derotator was unknown, leaving the orientation of the image on the sky unknown. However, in some cases, position of a known pair resolves the ambiguity while for the rest, new observations will be required. Column (8) gives the magnitude difference at I-band between the primary and the detected component. Finally, column (9) lists the spectroscopic status. Given the separations detected here, none of the short period spectroscopic pairs are expected to be detected. However, listing the spectroscopic binaries helps There are several artifacts in this image which lower the dynamic range. The largest is the vertical line, which is an artifact of the shutter-less frame transfer process. There are also four waffle spots caused by the Fried geometry of the wavefront sensor. There are also hints of the diffraction pattern caused by the secondary mirror support spiders. These all increase the difficulty of finding any companions that coincide with these artifacts.
RESULTS

New Pairs and New Measures
to form the complete multiplicity picture. The indicator in this table is V (velocity variable) if one or more close spectroscopic companions is indicated or C (velocity constant) if radial velocity work indicates no close companion. The spectroscopic reference is generally given in Mason et al. (1998) .
The differential magnitude errors in column 8 of Table 1 were generated from simulated binary data that we analyzed using the same fitting algorithm applied to the measured binary data. To generate the simulated binaries, we started by collecting all the single star images from this survey (see Table 4 ) and those of a duplicity survey B stars carried out contemporaneously (see Roberts et al. 2007 , Table 2 ). We omitted single star images where there were fewer than 250 frames used to make the final image. This exercise gave us 167 unique images with PSFs ranging from 0. ′′ 083 to 0. ′′ 445, with a decided emphasis on values less than 0. ′′ 2. For each entry in Table 1 , 167 simulated binaries were constructed using the magnitude difference in column 8 and the pixel positions of the primary and secondary components in the main image. We then ran the fitting algorithm on each of these 167 simulated images for each table entry. We calculated the magnitude variance in two passes, the first to filter out outliers on the basis of the variance of the fitted pixel separation of the simulated binary (namely, any deviation greater than 1σ), and the second to use this reduced list of simulated fits to generate the final magnitude variance. In general, the number of outliers per table entry was less than 10. The errors quoted in column 8 are the standard errors of these variances. Errors are not quoted for the separation (column 7), but in all cases, the standard error is less than 0. ′′ 04, usually less than 0. ′′ 005. For errors in position angle (column 6), we adopt the values from Roberts et al. (2007) , ±2 • for separations less than 1 ′′ , and ±1 • for separations greater than 1 ′′ . Two effects lead to this uncertainty, the clocking calibration of the dove prism in the derotator, and the slight natural image rotation during the frame collection sequence when the derotator is in the fixed zenith position mode.
Notes to Pairs
Here we discuss the various binary systems in Table 1 by WDS identifier and discovery designation. In the cases of the stars classified as runaways, it is unlikely that the detected companion is physical (see § 4). 02229+4129 = TRN 10: This is a runaway star with a close, low-luminosity companion (Boyajian et al. 2005 ).
02407+6117 = TRN 12AD: The A component is a spectroscopic triple (McSwain 2003).
02511+6025 = TRN 13AH:
The A component of HD 17505 is a spectroscopic triple (Hillwig et al. 2006) . It is uncertain if the new component (AH, ρ ∼ 4. ′′ 6) and the known pair of Table 1 (STF 306AB) are both gravitationally bound. If STF 306AB is indeed gravitationally bound, Hillwig et al. (2006) estimate it to have a period of 27,000 years.
03556+5238 = HDS 494:
The △m was probably a little too large for Mason et al. (1998) to detect this pair, but it was detected in later speckle observations by Mason et al. (2001a) . 03590+3548 = TRN 16: Classified as a runaway star in Gies & Bolton (1986) . 05163+3419 = TRN 17Aa: Classified as a runaway star in Gies & Bolton (1986) . SEI 136AB (ρ ∼ 8. ′′ 8, △m ∼ 3.3, just outside the field of view) is a likely optical pair, with the B component not physically associated with this close double. 05353−0523 = STF 748Ca,F: The primary is θ 1 Ori C, the most massive star in the Orion Trapezium. It has a closer companion discovered by speckle methods (Kraus et al. 2007 ).
05354−0525 = CHR 249Aa: HIPPARCOS (Perryman & ESA 1997 ) measured a △H p of 3.23. Fabricius & Makarov (2000) found △B T = 4.37 ± 0.02 and △V T = 3.21 ± 0.01.
05387−0236 = TRN 19AF:
The new component (AF) is at a separation nicely nestled between BU 1032AB and STF 762AC, at a value which would be consistent with a hierarchical arrangement. The new TRN 19AF component is much brighter in the mid-infrared where it was first discovered (van Loon & Oliveira 2003) and it is probably a low mass K-star surrounded by a circumstellar disk (Caballero 2007 ). See § 3.1.3 below for a discussion of the orbit of BU 1032AB.
05407−0157 = STF 774Aa-B:
This pair has an orbit (Hopmann 1967 ) with residuals of: O−C = −5 • and −0. ′′ 03 in position angle and separation. However, the orbit is classified as "indeterminate" (grade 5) in the 6th Catalog of Orbits of Visual Binary Stars 4 , so these residuals are not indicative of measurement quality. While the total number of measures has increased by about 50% since this orbit was published, the initial elements are of such low quality that even at this point any sort of improvement above "indeterminate" subjective quality is not yet possible. Some of the scatter in the residuals may be due to the presence of a closer companion to ζ Ori A found by interferometry (Hummel et al. 2000) .
06319+0457 = GAN
3AB: The measure agrees with earlier published data quite well and indicates that the measure made in 1928 (Silbernagel 1931 ) is probably erroneous. 
20035+3601 = STF2624Aa-B:
The close pair, MCA 59Aa, which is notoriously difficult to detect, was not seen here.
20181+4044 = STF2666Aa-B:
The close speckle pair CHR 96Aa was not recovered.
20205+4351 = TRN 29AC:
It is unclear whether there are two new components or a nearby optical pair with a large relative proper motion detected at two different positions.
21390+5729 = BU 1143AB:
The close Aa pair (MIU 2) was not recovered, although it may have been too close.
21449+6228 = TRN 33AC:
The visual pair, MLR 16, would have been much too wide (17 ′′ .6) to detect here.
22393+3903 = TRN 36AC:
The visual binary, S 813, at ∼ 1 arcminute of separation is much too wide to detect here.
22568+6244 = TRN 37AC:
It is hard to imagine a geometry where both this pair and MLR 266 would be dynamically stable. More than likely one (or both) are optical.
Comparison of V -and I-band Magnitude Differences
Among the O star primaries listed in the WDS, we may estimate the companion spectral type from the magnitude difference △V for those with small magnitude differences. As the magnitude difference gets larger, the uncertainty in the companion spectral type increases. However, the situation improves with the availability of magnitude differences for two filters. We compare the Vband magnitude differences from the WDS with the I-band values we determined by AO. The result is shown in Figure 3 . Error bars for the visual data were based on typical Tycho-2 photometric errors when available (smaller-△m pairs), and on scatter among individual visual estimates for those (larger-△m) systems with more than one such estimate. A rough average value of this scatter (0.7 mag) was used for systems with only one visual △m V estimate. Mean △m I values and error bars are given for systems with multiple observations. For systems with no I-band error estimate a default value of 0.5 magnitudes was adopted.
This figure shows that △V ≈ △I for small magnitude differences, but △V increases more rapidly at larger values of △I. This is as expected for our set of O-star targets: the components of small-△m systems are of similar spectral type, but the secondaries become later in spectral type -hence redder -as △m increases.
To determine the expected extent of this trend, absolute V and I magnitudes for main sequence spectral types were extracted from Allen's Astrophysical Quantities (Cox 2001) . Values of △V and △I were then determined, assuming primaries of spectral types O3, O5, O8, and B0 and secondaries covering a wide range of spectral types. The results, plotted as dotted lines in Figure 3 , appear to be in good agreement with the trend seen in these AO observations and are consistent with the assumption that the companions are physical.
3.1.3. Orbits of BU 1032 (σ Ori AB) and SEE 322 (HD 155889) Worley (1990) provides guidelines as to when a collection of binary star measures merits the publication of a new orbit. Following these criteria, we determined that two systems, BU 1032 and SEE 322, deserved new orbital solutions. All available measures for these pairs were extracted from the WDS (Mason et al. 2001b ) and individual measures were weighted following the precepts of Hartkopf et al. (2001) . The orbital elements were determined with an iterative three-dimensional grid-search algorithm (Seymour et al. 2002) . For these two pairs, orbital elements are provided in Table 2 and future ephemerides in Table 3 . Elements from the Hartkopf et al. (1996) Since the publication of the orbital elements of BU 1032 by Hartkopf et al. (1996) , the number of measures has increased by about 35%, and while the prior orbit adequately fits these data, a new calculation at this time makes a significant improvement in the orbit quality, as illustrated by the decrease in formal errors for each of the elements. The distance and mass of the σ Ori AB system are discussed in a recent paper by Caballero (2008) .
There is no previous determination of orbital elements for SEE 322. While the errors and residuals are large, the orbital solution looks promising, although it is still preliminary since only a limited portion of the orbit is covered by existing data. The total mass associated with this solution is very large (260 M ⊙ for a distance of 1.2 kpc; Mason et al. 1998) , which may indicate that revisions are required in the assumed elements and distance, or that the system contains more than two stars.
Single Star Detections
In addition to discovering new companions and measuring some parameters of previously known stars, we have a number of stars determined to be single under the specific observing conditions, AO system performance, and field of view. Table 4 lists these stars. In this table, the respective columns give the HD number, Hipparcos number, epoch of observation, full-width at half-maximum of the corrected stellar PSF, and the V/C code for the spectroscopic binary status (see § 3.1). A larger FWHM is indicative of poorer seeing, a dimmer primary, non-optimal AO system tuning, or some combination of these factors.
Notes to Unresolved Systems
HD 15137: This runaway star is a probable, single-lined spectroscopic binary (Boyajian et al. 2005 ).
HD 25638: The pair ES 2603 (ρ ∼ 6. ′′ 5, △m ∼ 6.0) was not detected. It was probably just out of the field of view.
HD 30614: Classified as a runaway star in Gies & Bolton (1986) .
HD 36879: This star is a runaway object according to its proper motion (Mdzinarishvili & Chargeishvili 2005).
HD 37042: The known components to this star are all far too wide for detection here. The star θ 2 Ori B is radial velocity variable according to Morrell & Levato (1991) .
HD 37043: Iota Ori is a close speckle pair of great interest as, despite its very close separation, it was deemed optical in Gualandris et al. (2004) . The speckle pair was last measured very close to the FWHM value, so it is possible that the component was just barely too close to be detected.
HD 37366:
This star is a double-lined spectroscopic binary (Boyajian et al. 2007b ).
HD 39680: Classified as a runaway star in Gies & Bolton (1986) . The known pair, S 502, is much too wide (46. ′′ 1) for detection here. Table 2 ). The dot-dash line indicates the line of nodes. High-resolution measurements are shown as filled circles (speckle) or filled stars (AO). Visual measurements are denoted with plus signs. The orientation and direction of motion are indicated in the lower right corner of the plot. The orbit of Hartkopf et al. (1996) is shown as a dashed curve, which matches the new orbit quite well. HD 54662: This star is a double-lined spectroscopic binary (Boyajian et al. 2007b ).
HD 60848: This Oe star shows emission line variations but no evidence of significant velocity variability (Boyajian et al. 2007a ).
HD 69648: Not included in Mason et al. (1998) survey.
HD 163892: These data were taken using an 800-900 nm filter.
HD 164794: This star is a probable long-period spectroscopic binary (Rauw et al. 2002) . HD 216898: Not included in Mason et al. (1998) survey.
2MASS Data Mining Confirmations
Searches were made for 2MASS (Cutri et al. 2003) companions to all stars on our observing list, using Vizier and Aladin, as well as the 'data mining' technique of Wycoff et al. (2006) . Results are given in Table 5 and discussed below.
It should first be noted that the separation/△m regimes covered by these two techniques have rather limited overlap. The "plate scale" of the AO detector nominally limits us to companions within ∼ 5 ′′ of the primary, although this outer limit may extend to as wide as 7. ′′ 5, depending on orientation of the pair relative to the detector, as well as slight off-center placement of the primary.
In order to get an idea of the separation/△m limits of 2MASS, the point-source catalog was searched for sources in the magnitude range 5.5 ≤ J ≤ 8.0, corresponding to the approximate 2MASS J-magnitude range for the AO targets in this project. This yielded 99,656 sources. All sources within 10 ′′ of these "primaries" were then extracted from the catalog, yielding 9,657 companions. A plot of separation versus △J is shown in Figure 6 . As seen in this figure, very few close pairs are detected (only 17 pairs with separations in the range 1 ′′ < ρ < 2 ′′ and an additional 70 in the range 2 ′′ < ρ < 3 ′′ ). For the main body of companions, maximum △J increases to perhaps 6-6.5 mag at 3 ′′ , 8-8.8 mag at 4 ′′ , and 9.5-10 mag at 7. ′′ 5.
AO Single Stars:
A Vizier search of the regions around each of the AO single stars found only six 2MASS companions within 7. ′′ 5 of their respective primaries: HD 25638 (6. ′′ 2), HD 52266 (7. ′′ 1), HD 151515 (6. ′′ 2), HD 152219 (7. ′′ 2), HD 163892 (6. ′′ 4), and HD 210809 (5. ′′ 6). A further check of their orientations showed that all of these companions fell either outside the observing window or so close to the edge of the field as to not be measurable. The companion to HD 25638 is known; see § 3.2.1.
Known Pairs: A search of the regions around these primaries found six 2MASS companions within 7. ′′ 5. Two of these (HD 48279 and 152408) correspond to known companions also measured by AO and are listed in Table 5 , which lists relative astrometry and differential photometry in the 2MASS J, H, and K S bands. The remaining four, including one known companion and three objects much wider than the known secondaries, all fall outside the AO observing window. Note that the companion to HD 152408 is very red (△m I > △m K S ), perhaps indicating that the companion still possesses a luminous disk (like the case of the IR-bright companion of σ Ori AB).
New Pairs: The search around these objects found five 2MASS companions within 7 ′′ .5. Two of these (HD 156212 and 201345) correspond to the newly discovered AO companions and are listed in Table 5 . The other three -two of which are known companions -are all wide.
DISCUSSION
Our AO survey of the O-stars has revealed a large number of new and generally faint companions. We show in Figure 7 the distribution of numbers of companions as a function of magnitude difference △I (in 1 mag bins), and the distribution peaks near △I = 10 mag. It is certainly possible that some of these faint companions are low mass, gravitationally bound stars. For example, Hillenbrand (1997) made a deep I-band survey of the Orion cluster centered on the Orion Trapezium, and she found examples of still embedded pre-main sequence stars with magnitude differences as large as △I = 15 mag compared to the bright O-stars in the Trapezium. On the other hand, her survey also demonstrates that there will be many cluster stars that appear projected on the sky at positions near O-stars but are not orbitally bound to them.
We used the I-band star counts from Hillenbrand (1997) to model the possible confusion limit caused by nearby cluster stars that we might expect to find in our observations. The cumulative number distribution of stars brighter than I in her sample (1551 stars with measured I magnitudes) is well matched by a power law, N (< I) = 0.063 10 γI ,
where the exponent is γ = 0.27 (valid down to I = 16 mag). The total surface density of stars in 
If we suppose that all O-stars have a color index of V −I = −0.39 (Wegner 1994) , the extinction to Orion is approximately A I = 0.25 (Hillenbrand 1997; Fitzpatrick 1999) , and the distance to Orion is 470 pc (Hillenbrand 1997) , then the numbers per AEOS FOV can be recast in terms of an O-star absolute magnitude M V and magnitude difference △I as
If we further assume that the same relationship holds for other O-stars in more distant clusters, then the number of cluster stars appearing in the FOV will scale as distance d squared. Let η represent the predicted number of cluster background stars per AEOS FOV. The relation between the limiting magnitude difference △I associated with η is then
Thus, we expect that background confusion with cluster stars will increase (smaller △I) with increasing distance and with lower luminosity O-stars.
We applied this relation to estimate a limiting △I for each cluster and association star in our sample in order to separate the probable physical companions from the faint optical companions caused by background confusion. We used distances from Mason et al. (1998) and the spectral type -absolute magnitude calibration from Martins et al. (2005) . The Orion cluster richness, extinction, and age may not be representative of the full sample of cluster O-stars in our survey, and so the normalization of the △I relation is somewhat uncertain. We note that large numbers of companions begin to appear near △I = 8 mag (see Figure 7) , and for typical O-star distances (d = 1 to 2 kpc) and magnitudes (M V = −4 to −6) this corresponds to a background density in the Orion model of η = 1 star per AEOS FOV. Thus, we adopted this value of η in equation 4 to identify the probable physical companions among the cluster and association stars.
The background limits for the field and runaway stars depend instead upon on the stellar number density of Galactic background stars as a function of magnitude and the direction of a given target. Here we adopted the cumulative star counts as a function of apparent I magnitude and Galactic coordinates from the Besançon model of the Galaxy (Robin et al. 2003) . We created a cumulative star counts versus △I relation for each of these stars and found a limiting magnitude for a specified value of 0.01 stars per AEOS FOV. We set this conservative limit based on numerical experiments for the set of runaway stars with observed faint companions. None of these companions can be physical companions since any such wide binary would be disrupted at the time the runaway star was ejected (by close gravitational encounters or a supernova in a binary).
The results of this exercise to discern the probable physical companions are summarized in Table 6 . The targets were placed in categories of cluster and association stars, field stars, and runaway stars according to the criteria adopted by Mason et al. (1998) (with some revisions from the subsequent work on field O-stars by de Wit et al. 2004 Wit et al. , 2005 . We see that after rejection of the possible background stars there is still a high frequency (37%) of detected companions among the cluster and association stars in our survey. In sharp contrast, there are very few such companions among the field and runaway stars. The only field star with a probable companion is HD 48279, and de Wit et al. (2004) show that this star is 28 ′′ from a cluster identified in 2MASS images, which suggests that this O-star may be a member of a young, emerging cluster. The only runaway star with a candidate companion is HD 34078 = AE Aur, a star ejected from the Orion association (Gualandris et al. 2004) . There is another optical companion, SEI 136, at a separation of 8. ′′ 4 ), and we suspect that both the companion we found and SEI 136 form a visual system that appears by a chance alignment with AE Aur at this time in its trajectory across the sky.
Our results confirm the trends found by Mason et al. (1998) that binary O-stars are common among O-stars found near their birthplaces and are rare among O-stars ejected from clusters. These trends are consistent with current models for the ejection of runaways and the formation of massive stars (Zinnecker & Yorke 2007) . High velocity O-stars were probably ejected by close encounters between binaries in dense clusters and by supernova explosions in close binaries (Hoogerwerf et al. 2001) , and their ejection velocities generally exceed the escape velocity binding any wide, orbiting companion. Many massive stars are probably born in high density stellar environments where binaries may be formed through three-body interactions (Bate et al. 2002) and through the interactions with large proto-stellar accretion disks (Moeckel & Bally 2007) . Even in lower density environments, binaries may form through disk fragmentation and subsequent gas accretion (Kratter et al. 2007) . Our results add to growing body of evidence that the formation of binaries is closely linked to the formation of massive stars and the deposition of the angular momentum reservoir of the natal cloud.
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